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Abstract

Objective: Findings from some epidemiologic studies of colorectal cancer and adenoma suggest that the protective
effect of post-menopausal hormone replacement therapy (HRT) may differ across categories of age and body mass
index (BMI). We conducted an analysis of women participating in the Prostate, Lung, Colorectal, and Ovarian
(PLCO) Cancer Screening Trial to investigate the relationship between HRT use and prevalent adenoma, both
overall and across different population subgroups.
Methods: Women aged 55–74 were randomized to screening by flexible sigmoidoscopy at ten PLCO screening
centers between September 1993 and September 2001. We identified 1468 women with at least one left-sided
adenoma and 19,203 without adenoma or colorectal cancer. Information about HRT and reproductive factors was
obtained from a self-administered questionnaire.
Results: Compared to never use of HRT, current use was associated with a decreased prevalence of left-sided
adenoma (odds ratio (OR) 0.85; 95% confidence interval (CI) 0.75–0.97). We found no evidence of dose–response
with increasing duration of use for current or former users. The association with current HRT use was stronger
among women aged 65+ (OR 0.69; 95% CI 0.56–0.84), with a BMI<30 (OR 0.82; 95% CI 0.71–0.95) and who
regularly use aspirin or ibuprofen (OR 0.77; 95% CI 0.65–0.91). Other reproductive factors were not significantly
associated with adenoma prevalence.
Conclusions: Our findings suggest that current HRT use may protect against colorectal adenoma, and that this
protective effect is short-lived following cessation of use.

Introduction

The relationship between reproductive factors, hormone
replacement therapy (HRT) and colorectal cancer has
been the subject of considerable study over the past
30 years. Early reports of excess colorectal cancer rates
among single women compared with married women
[1, 2] and among nuns compared with the general popu-
lation [3] led McMichael and Potter to suggest that higher

parity, early age at first birth and use of exogenous hor-
mones are associated with a reduced risk of colorectal
neoplasia [4]. There is now strong epidemiologic evidence
supporting a reduced risk of colorectal cancer accompa-
nying recent HRT use [5], including recently published
findings from the Women�s Health Initiative (WHI), a
large randomized controlled trial [6]. These protective
effects may occur through estrogen-induced reductions in
circulating levels of insulin and insulin-like growth factors
[7], or via the inhibition of hypermethylation-mediated
silencing of the estrogen receptor gene [8].

The majority of colorectal cancers are believed to
arise from colorectal adenomas. Epidemiologic studies
of colorectal adenoma can provide valuable insight into
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the early stages of the multi-step process leading to
invasive cancer; such knowledge is important for the
formulation of effective strategies for disease prevention.
A smaller number of studies have investigated whether
HRT and reproductive factors are associated with the
development of adenomas [9–14]; the findings suggest a
reduced risk of adenoma with HRT use but not with
other reproductive factors.

There is emerging evidence that the protective effects
of HRT use and reproductive factors may be stronger
among women who are older [6, 14–16] and thinner [7,
15, 17]. Two studies have also reported a greater
reduction in risk with HRT use for larger and more
advanced adenomas [13, 18]. However, most of these
studies were limited in their ability to investigate such
questions of effect modification and etiologic heteroge-
neity due to sample size constraints.

Data collected as part of the Prostate, Lung, Colo-
rectal and Ovarian Cancer (PLCO) Screening Trial offer
a unique opportunity to study in detail the relationship
between reproductive history, HRT use and colorectal
adenoma. Since all study participants had a standard-
ized colorectal cancer screening examination, the issue
of differential selection for cases and controls is not of
concern as a potential source of bias in this study.

Materials and methods

The PLCO Screening Trial

The PLCO Screening Trial was designed to evaluate the
effects of screening on mortality rates for prostate, lung,
colorectal, and ovarian cancer among approximately
150,000 US men and women aged 55–74 at enrollment
who were randomly assigned to the screening or non-
screening arm of the study. Between September 1993
and September 2001, approximately 39,000 women were
enrolled and randomized to screening for lung, colo-
rectal and ovarian cancer at screening centers in the
following 10 cities: Birmingham, AL; Denver, CO; De-
troit, MI; Honolulu, HI; Marshfield, WI; Minneapolis,
MN; Pittsburgh, PA; Salt Lake City, UT; St. Louis,
MO; and Washington, DC. Details of the PLCO
Screening Trial and related protocols for etiologic
studies have been published [19, 20].

Women randomized to screening were offered flexible
sigmoidoscopy (60 cm) to detect the presence of ade-
noma, carcinoma and/or other abnormalities in the distal
colon and rectum; approximately 75% of women ran-
domized to the screening arm underwent sigmoidoscopy.
Those with lesions suspect for colorectal neoplasia (i.e.,
sigmoidoscopically visualized polypoid lesions or masses)

were referred for endoscopic follow-up, including histo-
pathological examination. The PLCO trial obtained all
available medical and pathological reports on all lesions
removed during the diagnostic endoscopy and related
surgical procedures. This information was abstracted and
coded by trained medical abstractors. Study participants
provided written informed consent, after approval by the
institutional review boards of the US National Cancer
Institute and the ten screening centers.

A self-completed questionnaire was administered at
baseline by all PLCO study participants to ascertain
information on a range of potential risk factors for
cancer and related diseases. The questionnaire collected
information regarding menopausal use of female hor-
mones (ever and current use of tablets, pills, creams) and
duration of use; the formulation and dose of hormones
were not ascertained. Women recorded their number of
pregnancies and live births, age at first live birth, age at
menarche and menopause, reason for menopause (natu-
ral, surgery, radiation, or drug therapy), use and duration
of oral contraceptives, and gynecologic surgeries. Infor-
mation was also collected on demographic factors, per-
sonal and lifestyle characteristics (including height,
weight, and exercise), medical history, medication use,
previous colorectal cancer screening exams, and family
history of cancer. In addition, a 137-item food frequency
questionnaire assessed usual dietary intake.

Analytic Data Set

Successful sigmoidoscopic screening examination
(insertion to at least 50 cm with >90% of mucosa visible
or a suspect lesion identified) was performed on 29,447
(75%) of the 39,115 women randomized to the screening
arm through September 2001. Of these participants,
28,306 (96%) provided information regarding HRT use
in the baseline questionnaire. We further excluded 5166
participants who self-reported history of cancer (except
basal cell skin cancer), ulcerative colitis, Crohn�s disease,
familial polyposis, colorectal polyps, or Gardner�s syn-
drome.

After these exclusions, 23,140 participants remained.
We excluded participants with distal hyperplastic polyps
only (n = 720); with distal benign lesions (n = 125);
with colorectal cancer (n = 48); or with adenomas of
unknown location or histology (n = 531). We also ex-
cluded 1045 subjects with a positive screening for whom
pathologic confirmation of colorectal adenoma was
unavailable, either because histology data was pending
at the time of analysis (n = 49) or because no results
from follow-up endoscopy were received (n = 996). Our
final study sample consisted of 1468 cases with patho-
logically verified distal (left-sided) adenomas and 19,203
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controls with no suspicion of neoplasia of the distal
colon on the sigmoidoscopic screening exam. The data
on colorectal adenomas were last updated in August,
2004.

Cases were further characterized according to ade-
noma location (descending and sigmoid colon, rectum),
size (diminutive <0.5 cm, small 0.5–0.9 cm, large
‡1 cm), and presence of villous elements. Adenomas
were defined as advanced if they were large, had high-
grade dysplasia (including carcinoma in situ) or had
villous elements (including tubulovillous adenomas).

Data analysis

For the purpose of this analysis, HRT was categorized
on the basis of status (never, former, current) and
duration (0, £1, 2–5, 6–9, 10+ years) of use. Repro-
ductive variables included in the analysis were oral
contraceptive use (never, £1, 2–5, 6–9, 10+ years),
parity (0, 1, 2, 3–4, 5+), age at first birth (<20, 20–24,
25–29, 30+), age at menarche (<10, 10–11, 12–13, 14–
15, 16+), age at menopause (<40, 40–44, 45–49, 50–54,
55+), reason for menopause (natural, due to surgery/
drug therapy/radiation therapy), and history of tubal
ligation, hysterectomy, or oopherectomy.

Odds ratios relating these variables to the prevalence
of left-sided adenoma were calculated along with cor-
responding 95% confidence intervals using uncondi-
tional logistic regression modeling. Odds ratios were
estimated in two ways: adjusting for age at randomiza-
tion and study center only, and adjusting additionally
for other possible confounding factors (ethnicity, edu-
cation level, marital status, body mass index (BMI),
smoking history, aspirin/ibuprofen use, and prior colo-
rectal cancer screening history). Information on physical
activity and suspected dietary risk factors for colorectal
cancer (consumption of alcohol, red meat, total calcium,
total folate, total fat, total fiber) was collected from a
separate questionnaire completed by 91% of the partic-
ipants. Physical activity was adjusted for in multivariate
models, with a dummy variable used to define subjects
missing these data. Dietary factors were not included in
the calculation of multivariate-adjusted odds ratios in
order to avoid excluding participants without such data
from the multivariate analysis. Additional adjustment
for these factors in the subset of participants who
completed a dietary questionnaire did not materially
affect the odds ratio estimates. Tests for linear trend
among ordinal variables were performed using the Wald
test by modeling each variable as a single quantitative
variable.

Additional models were fit stratifying on selected
factors (year of randomization, age at randomization,

BMI, ethnicity, physical activity, smoking history, reg-
ular use of non-steroidal anti-inflammatory drugs
(NSAIDs), family history of colorectal cancer, prior
colorectal endoscopy, prior hysterectomy) to investigate
whether the associations of HRT use and reproductive
factors with adenoma prevalence differ across these
categories. Tests of interaction were performed using the
likelihood ratio test, comparing models with and with-
out parameters specifying each interaction of interest.
Analyses were also performed separately for different
adenoma characteristics, including location (descending
and sigmoid colon, rectum), size (small, large), presence
of villous elements (villous, non-villous), and classifica-
tion as advanced or non-advanced.

Results

Selected characteristics of the 19,203 women who did
not have colorectal adenoma are summarized in relation
to their HRT use in Table 1. Current HRT users were
younger, better educated and thinner than never users
and were more likely to be Caucasian, married, to per-
form regular exercise, to have used aspirin in the pre-
vious year and to have been previously screened for
colon cancer. In addition, current HRT users had higher
average daily intakes of alcohol, calcium and folate than
never users. Former HRT users generally had interme-
diate levels of these characteristics in comparison to
those of current users and never users.

The relationships between left-sided adenoma and
HRT use are summarized in Table 2. Current HRT use
was associated with a 15% decrease in the odds of
having a left-sided adenoma (OR 0.85, 95% CI 0.75–
0.97). This association did not materially change upon
additional adjustment for dietary factors (OR 0.87, 95%
CI 0.76–0.99). No association with former HRT use was
apparent. Evidence of a dose–response relationship be-
tween the prevalence of left-side adenoma and total
duration of HRT use was found, although differences in
duration with HRT status appear to explain this finding
(10% of former users and 46% of current users reported
10+ years of use). In order to estimate the independent
effects of HRT status and duration, a model adjusting
for both variables was fit among participants reporting
current or former HRT use. Current use was associated
with a lower adenoma prevalence than former use,
independent of duration (OR 0.82, 95% CI 0.67–0.99);
no independent effect for duration was apparent. The
association with current HRT use did not materially
change when analyses were restricted to women not
previously screened for colon cancer, and did not differ
for small adenomas (OR 0.79, 95% CI 0.66–0.95) and
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large adenomas (OR 0.90, 95% CI 0.70–1.17) or for
other adenoma characteristics (location, histology; data
not shown).

Adenoma prevalence was not associated with oral
contraceptive use, age at menopause, reason for meno-
pause, history of gynecologic procedures, parity, or age
at first birth (Table 3). Women reporting ages at men-
arche of less than 10 were more likely to have a left-sided
adenoma than those aged 12–13 at menarche, although
the 95% CI for this association included unity (OR 1.39,
95% CI 0.93–2.08). The associations with reproductive
factors did not materially change when analyses were
restricted to women not previously screened for colon
cancer, and were not found to differ appreciably with
adenoma location, size or histology (data not shown).

Stratified analyses were performed to investigate
whether the association between HRT use and left-sided
adenoma differed across levels of other participant
characteristics; selected results are summarized in
Table 4. The inverse effect of current HRT use was
stronger among women aged 65+ (OR 0.92, 0.69, 0.68
among age groups 55–64, 65–69, 70–74 respectively).
Differential effects with BMI and regular use of NSAIDs
were also observed, as the association between current
HRT use and adenoma appeared to be restricted to
participants with a BMI less than 30 (OR 0.85, 0.80,
0.94 for BMI <25, 25–29, 30+ respectively) and to
regular NSAID users (OR 0.77, 0.98 for users and non-
users respectively). However, tests for interaction with
HRT use were not statistically significant (p = 0.08,

0.65, 0.11 respectively for age, BMI and NSAID use).
Neither year of randomization, family history of colo-
rectal cancer, ethnicity, smoking history, physical
activity nor prior hysterectomy appeared to modify the
relationship between HRT use and adenoma prevalence.
The relationships with reproductive factors did not
appreciably differ across categories of any participant
characteristics.

Discussion

Among women screened for colorectal cancer in the
PLCO trial, we found a lower prevalence of left-sided
colorectal adenoma in participants who were current
users of HRT than in those who were prior users or
never users. In addition, the effect of current HRT
tended to be strongest among women who were older,
non-obese and who regularly used aspirin/NSAIDs. We
found no clear relationship between reproductive factors
and adenoma, although a non-significant positive asso-
ciation with young age at menarche was observed.

The observation of lower prevalence of colorectal
adenoma in HRT users is consistent with five previous
studies [9–11, 13, 14]. In small clinic-based case-control
studies, Potter et al. found HRT use associated with an
approximate halving of risk (OR 0.63, 0.43 for
<5 years and 5+ year of use, respectively) [9], while
Jacobson et al. [10] and Peipins et al. [11] reported
non-significant reductions in risk associated with ever

Table 1. Distribution of selected variables by HRT user status (never, former, current) among non-cases at baseline screening exam (n = 19,203)

Variable HRT use

% of never users

(n = 5995)

% of former users

(n = 2891)

% of current users

(n = 10,317)

Aged ‡65 years at baseline 41.3 37.1 24.3

Caucasian 85.9 86.7 90.5

College graduate 25.6 27.5 37.2

Currently married 67.6 69.5 75.2

Current smoker 7.8 7.9 5.8

BMI ‡ 30 kg/m2 29.9 27.1 19.7

No exercise 17.3 15.8 11.6

Regular use of aspirin or ibuprofen during past 12 months 53.0 58.1 61.1

Family history of colorectal cancer in first-degree relative 10.8 10.4 9.4

Ever screened for colon cancer 39.0 42.1 49.2

Alcohol intake ‡5 g/day 21.0 22.4 27.2

Total calcium intake ‡1768 mg/day 20.0 25.1 27.9

Total folate intake ‡808 lg/day 21.1 24.3 27.5

Red meat intake ‡70 g/day 27.2 25.5 23.5

Total fat intake ‡67 g/day 27.3 27.0 24.2

Total fiber intake ‡27 g/day 26.0 27.1 24.2

Abbreviations: n, number; BMI, body mass index; g, gram; mg, milligrams; lg, micrograms; kcal, kilocalories; HRT, hormone replacement

therapy.
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use (OR 0.7, 0.8 respectively). A nested case-control
analysis of left-sided adenoma conducted within the
Nurses� Health Cohort by Grodstein et al. showed
lower risks only for large adenoma, among current
HRT users (OR 0.74) [13]. Lastly, in a randomized
dietary intervention study of individuals with adeno-
mas, Woodson et al. found a reduced risk of adenoma
recurrence with HRT use among women aged 62+
(OR 0.58), although risks were increased among
younger women (OR 1.99) [14].

Our finding of protective effects related to current
HRT use is consistent with the report by Grodstein et al.
[13], while Potter et al. found no difference in effect

between current and past use [9]. Duration of HRT use
was considered in three other studies. Grodstein et al.
found duration to have no effect on adenoma risk.
Potter et al. and Peipins et al. [11] observed slightly
stronger protective effects with greater duration of use.
The majority of epidemiologic studies investigating
HRT and colorectal cancer have reported stronger
effects with current use and an absence of a dose–re-
sponse relationship with duration [5]. In summary, our
findings add to the evidence from several studies sug-
gesting that recent HRT use is an important protective
factor for colorectal tumors and that the protective
effects may be short-lived following cessation of use.

Table 2. Associations of HRT use with left-sided colorectal adenoma

Variable Cases n (%) Non-cases n (%) Age and center-adjusted Multivariate adjusted

OR 95% CI ORa 95% CI

HRT use

Never 540 (36.8) 5995 (31.2) 1.00 1.00

Former 260 (17.7) 2891 (15.1) 1.03 0.88–1.20 1.03 0.88–1.21

Current 668 (45.5) 10,317 (53.7) 0.81 0.72–0.92 0.85 0.75–0.97

HRT duration

Never 540 (36.8) 5995 (31.2) 1.00 1.00

£1 year 166 (11.3) 2086 (10.9) 0.94 0.79–1.13 0.97 0.81–1.17

2–5 years 252 (17.2) 3740 (19.5) 0.87 0.74–1.02 0.93 0.79–1.09

6–9 years 175 (11.9) 2634 (13.7) 0.87 0.73–1.04 0.92 0.76–1.11

10+ years 335 (22.8) 4748 (24.7) 0.83 0.71–0.95 0.85 0.73–0.98

pTrend 0.006 0.03

HRT use + duration

Never 540 (36.8) 5995 (31.2) 1.00 1.00

Former, £1 year 130 (8.9) 1499 (7.8) 1.00 0.82–1.22 1.02 0.83–1.25

Former, 2–5 years 77 (5.3) 902 (4.7) 0.98 0.76–1.25 0.97 0.75–1.25

Former, 6–9 years 25 (1.7) 214 (1.1) 1.34 0.88–2.06 1.40 0.91–2.16

Former, 10+ years 28 (1.9) 276 (1.4) 1.09 0.73–1.63 1.05 0.70–1.58

Current, £1 year 36 (2.5) 587 (3.1) 0.77 0.54–1.09 0.82 0.58–1.18

Current, 2–5 years 175 (11.9) 2838 (14.8) 0.83 0.69–0.99 0.90 0.74–1.08

Current, 6–9 years 150 (10.2) 2420 (12.6) 0.81 0.67–0.99 0.86 0.70–1.05

Current, 10+ years 307 (20.9) 4472 (23.3) 0.81 0.69–0.94 0.83 0.71–0.97

Restricted to ever users of HRT

HRT use

Former 260 (28.0) 2891 (21.9) 1.00 1.00

Current 668 (72.0) 10,317 (78.1) 0.76b 0.63–0.91 0.82b 0.67–0.99

HRT duration

£1 year 166 (17.9) 2086 (15.8) 1.00 1.00b

2–5 years 252 (27.2) 3740 (28.3) 1.04b 0.84–1.30 1.04b 0.84–1.31

6–9 years 175 (18.9) 2634 (19.9) 1.09b 0.85–1.40 1.08b 0.84–1.40

10+ years 335 (36.1) 4748 (36.0) 1.07b 0.84–1.35 1.02b 0.80–1.30

pTrend 0.61 0.96

Abbreviations: n, number; OR, odds ratio; HRT, hormone replacement therapy.
a Adjusted for age, ethnicity, PLCO center, education, marital status, smoking, body mass index, physical activity, regular NSAID use and

prior screening history.
b HRT use and HRT duration adjusted for one another in the same model.
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Table 3. Associations of reproductive variables with left-sided colorectal adenoma

Variable Cases n (%) Non-cases n (%) Age and center-adjusted Multivariate adjusted

OR 95% CI ORa 95% CI

Oral contraceptive use

Never 722 (49.2) 8527 (44.5) 1.00 1.00

£1 year 212 (14.5) 2710 (14.2) 1.08 0.92–1.27 1.06 0.89–1.25

2–5 years 256 (17.5) 3661 (19.1) 1.01 0.86–1.18 1.01 0.86–1.18

6–9 years 116 (7.9) 1784 (9.3) 0.95 0.77–1.18 0.95 0.77–1.17

10+ years 161 (11.0) 2473 (12.9) 0.93 0.78–1.12 0.90 0.74–1.08

pTrend 0.41 0.26

Age at menarche

<10 28 (1.9) 281 (1.5) 1.45 0.98–2.16 1.39 0.93–2.08

10–11 275 (18.8) 3508 (18.3) 1.04 0.90–1.20 1.00 0.87–1.16

12–13 802 (54.7) 10,549 (55.0) 1.00 1.00

14–15 310 (21.2) 4034 (21.0) 0.99 0.86–1.13 0.98 0.85–1.12

16+ 51 (3.5) 812 (4.2) 0.80 0.60–1.08 0.76 0.56–1.02

pTrend 0.11 0.11

Age at menopause

<40 168 (11.5) 2500 (13.1) 0.92 0.77–1.10 0.86 0.71–1.03

40–44 212 (14.5) 2562 (13.4) 1.06 0.90–1.25 1.01 0.86–1.20

45–49 346 (23.7) 4435 (23.3) 1.01 0.88–1.16 0.98 0.85–1.13

50–54 553 (37.9) 7255 (38.1) 1.00 1.00

55+ 179 (12.3) 2311 (12.1) 1.05 0.88–1.26 1.09 0.91–1.31

pTrend 0.47 0.09

Reason for menopause

Natural 961 (66.4) 12,057 (64.0) 1.00 1.00

Otherb 486 (33.6) 6787 (36.0) 0.93 0.83–1.04 0.93 0.83–1.04

Any gynecologic surgery

No 654 (53.1) 7939 (49.5) 1.00 1.00

Yes 577 (46.9) 8086 (50.5) 0.91 0.81–1.03 0.93 0.83–1.03

Tubal ligation

No 1173 (80.3) 14,826 (77.5) 1.00 1.00

Yes 287 (19.7) 4304 (22.5) 0.98 0.85–1.13 0.98 0.85–1.13

Hysterectomy

No 996 (67.9) 12,679 (66.1) 1.00 1.00

Yes 472 (32.2) 6498 (33.9) 0.91 0.81–1.02 0.91 0.81–1.02

Oopherectomy

No 1172 (80.9) 15,386 (81.1) 1.00 1.00

Yes 277 (19.1) 3587 (18.9) 1.01 0.88–1.16 1.00 0.87–1.15

Parity

0 140 (9.6) 1766 (9.2) 1.00 1.00

1 98 (6.7) 1432 (7.5) 0.88 0.67–1.15 0.86 0.65–1.13

2 347 (23.7) 4605 (24.0) 1.01 0.82–1.24 1.02 0.83–1.26

3–4 606 (41.3) 8076 (42.1) 0.94 0.78–1.14 0.96 0.78–1.17

5+ 275 (18.8) 3301 (17.2) 0.99 0.80–1.23 0.99 0.79–1.24

pTrend 0.98 0.93

Age at first birth

Nulliparous 140 (9.6) 1766 (9.2) 1.05 0.87–1.27 1.04 0.85–1.27

<20 256 (17.5) 3074 (16.1) 1.19 1.02–1.38 1.09 0.93–1.28

20–24 673 (46.0) 8976 (46.9) 1.00 1.00

25–29 277 (19.0) 4004 (20.9) 0.89 0.77–1.03 0.92 0.79–1.07

30+ 116 (7.9) 1318 (6.9) 1.11 0.90–1.37 1.17 0.95–1.45

pTrend 0.11 0.67

Abbreviations: n, number; OR, odds ratio.
a Adjusted for age, ethnicity, PLCO center, education, marital status, smoking, body mass index, physical activity, regular NSAID use and

prior screening history.
b Surgery, drug therapy or radiation therapy.
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Further epidemiologic investigation is needed to clarify
the importance of HRT duration and timing.

Concerning the effects of different HRT formulations,
a reduced risk of colorectal cancer was observed in the
WHI trial of combined estrogen–progestin HRT, but
not in the trial of unopposed estrogen (prescribed for
women with a previous hysterectomy) [6, 21]. Con-
versely, case-control studies have not found differences
in risk by HRT type [17, 22, 23]. We were unable to
directly address this issue, as information on HRT for-
mulation was not collected in PLCO; however, we found
no risk differential related to current HRT between
women with and without a hysterectomy, suggesting
indirectly that the effects of current use are independent
of formulation. Further insight into the relevance of
formulation may come from a planned analysis that will
compare the findings of the two WHI trials in greater
detail [21].

We found that protective effects of HRT tended to be
strongest in thinner (BMI < 30) and older (aged 65+)
women, consistent with several [6, 7, 9, 14–17, 24–26],

although not all [6, 13, 17, 27], previous studies. Since
adipose tissue is the primary source of estrogen in post-
menopausal women [28], HRT has less of an impact on
relative estrogen levels in obese women, potentially
explaining the weaker effects in this group. Both obesity
and estrogen impact circulating insulin and insulin-like
growth factor levels [29]; Slattery et al. proposed that
estrogen and obesity interact in the development of co-
lon cancer through their modulation of the IGF path-
way [7]. Estrogen may also have direct anticarcinogenic
effects, as demonstrated in colon cancer cell lines [30]
and by the recent observation of estrogen receptor (ER)
expression in colonic cells [31–34], possibly regulating a
variety of cellular functions related to colon carcino-
genesis [35–37]. Biologic changes such as increased ER
hypermethylation and decreased calcium absorption
with increasing age could contribute to age-related
modification of HRT�s protective action [8, 38, 39].

We also observed the protective effect of HRT to be
stronger among women who were regularly using aspirin
or ibuprofen, although a test for interaction was not

Table 4. Associations of HRT and left-sided colorectal adenoma, stratified by age at randomization and BMI

Sub-group HRT use Cases n (%) Non-cases n (%) ORa 95% CI p for interaction

Age at randomization

55–64 Never 256 (29.8) 3519 (26.8) 1.00 0.08b

Former 129 (15.0) 1818 (13.8) 0.99 0.79–1.24

Current 475 (55.2) 7814 (59.4) 0.92 0.78–1.09

65–69 Never 165 (43.5) 1503 (38.7) 1.00

Former 80 (21.1) 643 (16.5) 1.12 0.84–1.50

Current 134 (35.4) 1742 (44.8) 0.69 0.53–0.89

70–74 Never 119 (52.0) 973 (45.0) 1.00

Former 51 (22.3) 430 (19.9) 1.03 0.72–1.49

Current 59 (25.8) 761 (35.2) 0.68 0.48–0.97

BMI

<25 Never 186 (32.6) 2127 (26.3) 1.00 0.65c

Former 95 (16.6) 1103 (13.6) 1.05 0.81–1.36

Current 290 (50.8) 4865 (60.1) 0.85 0.69–1.04

25–29 Never 194 (37.7) 2094 (32.0) 1.00

Former 91 (17.7) 1010 (15.5) 0.97 0.74–1.26

Current 230 (44.7) 3431 (52.5) 0.80 0.65–0.99

30+ Never 160 (41.9) 1774 (38.8) 1.00

Former 74 (19.4) 778 (17.0) 1.10 0.82–1.48

Current 148 (38.7) 2021 (44.2) 0.94 0.73–1.21

Regular use of aspirin of ibuprofen 0.11

No Never 231 (37.8) 2840 (35.1) 1.00

Former 117 (19.2) 1217 (15.0) 1.23 0.97–1.56

Current 263 (43.0) 4040 (49.9) 0.98 0.80–1.19

Yes Never 309 (36.1) 3155 (28.4) 1.00

Former 143 (16.7) 1674 (15.1) 0.90 0.73–1.11

Current 405 (47.3) 6277 (56.5) 0.77 0.65–0.91

Abbreviations: n, number; OR, odds ratio; HRT, hormone replacement therapy; BMI, body mass index.
a Adjusted for age, ethnicity, PLCO center, education, marital status, smoking, body mass index, physical activity, regular NSAID use and

prior screening history.
b Test of interaction performed with age at randomization specified as a dichotomous variable (<65, 65+).
c Test of interaction performed with BMI specified as a dichotomous variable (<30, 30+).

HRT and colorectal ademona 971



statistically significant. Use of NSAIDs has been con-
sistently associated with a reduced risk of colorectal
cancer and adenoma [40–44]. NSAIDs block the enzyme
COX-2 from synthesizing prostaglandins, compounds
with pro-carcinogenic effects (enhanced cellular prolif-
eration and angiogenesis and decreased apoptosis) [40].
There is experimental evidence that estrogen increases
expression of COX-2 in endothelial tissue [45–47];
however, it is not known whether estrogen similarly
influences COX-2 activity in colonic mucosa. Previous
epidemiologic studies of colorectal cancer and adenoma,
including the WHI trial, have not found evidence of
interaction between HRT and NSAID use [6, 9, 15].

Our findings did not differ appreciably with respect to
adenoma location, size or other characteristics. By
contrast, the study by Grodstein et al. found HRT use to
be inversely associated with large adenomas only [13].
We did not find clear evidence that reproductive factors
earlier in life were related to adenoma prevalence, con-
sistent with most previous reports [9–12, 48]. Our
observation that duration of HRT use was not critical
also suggests that other hormonal exposures in the past
may not be predictive of risk.

Some important strengths of this study include the
large number of participants, large number of distal
adenoma cases, and the standardized screening procedure
for endpoint ascertainment. The analysis was limited,
however, by lack of information on formulation and
precise time periods of use. Our focus was on left-sided
adenoma; generalization of the protective effects of HRT
to the entire colon may be underestimates, as some
women with no left-sided adenoma probably carry
unrecognized right-sided lesions. Women in our study
who reported current HRT use differed from never users
with respect to several suspected risk factors for colo-
rectal adenoma (Table 1). Such differences raise the
possibility that observed reductions in adenoma preva-
lence with HRT use may be due to the confounding
effects of other factors. Our analyses controlled for a
variety of colorectal adenoma risk factors that could
potentially confound the association with HRT, although
we cannot rule out the possibility of residual confounding
from these or other unmeasured factors. Because HRT
use in our study was related to previous screening history,
we carried out sub-analyses showing that HRT was also
protective in women who had not had recent screening
examinations. The reported findings from the WHI trial
of a reduced risk of colorectal cancer accompanying
conjugated estrogen–progestin therapy (RR 0.56, 95% CI
0.38–0.81) offer additional support for the argument that
the relationship between HRT use and colorectal neo-
plasia is causal, and not the result of study bias [6].

In conclusion, we found that current HRT use was
associated with a reduced prevalence of colorectal ade-
noma, in particular among post-menopausal women
who were older, non-obese and regularly using NSAIDs.
Although HRT is not currently recommended for
colorectal cancer protection due to other deleterious
effects [6], our investigation points to potential tissue-
specific targets for colorectal cancer prevention, in ste-
roidal and possibly insulin-like growth factor pathways.
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